INTRODUCTION
Community-acquired pneumonia (CAP) is common and sometimes becomes fatal. Despite substantial progress in therapeutic options, CAP remains a significant cause of morbidity and mortality worldwide. Mycoplasma pneumoniae is one of the most common causes of CAP, accounting for as many as 10-30 % of all cases of CAP (Blasi, 2004; Miyashita et al., 2005; Waites & Talkington, 2004) . In Japan, M. pneumoniae has been the third leading pathogen causing CAP, but it is becoming the second. NIHIDSC (2007) demonstrated that the incidence of M. pneumoniae pneumonia in recent years is about 10-fold higher than before 1999 (on average 0.45 cases per selected hospital weekly in 2006 and ,0.05 cases per selected hospital weekly before 1999) (NIHIDSC, 2007) . Since pneumonia due to M. pneumoniae is usually mild, the term 'walking pneumonia' has been widely used by physicians (Waites & Talkington, 2004) . However, some studies have shown M. pneumoniae to be second only to Streptococcus pneumoniae in hospitalized adults (Marston et al., 1997; Miyashita et al., 2002; Porath et al., 1997) , and 3-4 % of those infected with M. pneumoniae are known to develop a severe lifethreatening pneumonia with respiratory failure and acute respiratory distress syndrome (Chan & Welsh, 1995; Fraley et al., 1979; Koletsky & Weinstein, 1980) . Of patients who were admitted to the hospital, up to 10.9 % required mechanical ventilation (Marrie, 1993; Waites & Talkington, 2004) . In Japan, only some cases of fulminant pneumonia with acute respiratory failure (ARF) and fatal cases caused by M. pneumoniae infection have been reported (Ito et al., 1995; Takiguchi et al., 2001; Tsuruta et al., 2002) . Since epidemiological studies have demonstrated that the incidence of M. pneumoniae pneumonia is gradually increasing (NIHIDSC, 2007) , severe M. pneumoniae pneumonia may not be uncommon, but is probably underdiagnosed owing to a lack of awareness or an underestimation of such cases. Furthermore, severe pneumonia due to M. pneumoniae has not been investigated in Japan. In addition, there are no comparative studies that have investigated the clinical features of low to moderately severe pneumonia versus severe pneumonia due to M. pneumoniae. The purpose of this study was to clarify the clinical features of severe M. pneumoniae pneumonia in adult patients admitted to an intensive care unit. We performed a multi-centre CAP surveillance study and investigated M. pneumoniae pneumonia in adults.
METHODS
Study population. All adult patients with CAP who were admitted to Okayama Kyoritsu Hospital, Kurashiki Daiichi Hospital, Kurashiki Central Hospital, Mizushima Kyodo Hospital, Kawasaki Medical School Kawasaki Hospital and Kawasaki Medical School Hospital, Okayama, Japan, from January 2000 to December 2004, were enrolled in this study. None of the patients were immunocompromised, that is, they were not patients with HIV infection, with neutropenia secondary to chemotherapy nor on immunosuppressants, the patients were not from nursing homes, nor had they been recently (,30 days) admitted to hospital. The diagnosis was based on clinical signs and symptoms (cough, fever, productive sputum, dyspnoea, chest pain or abnormal breath sounds), and radiographic pulmonary abnormalities that were at least segmental and were due to pre-existing or other known causes. All cases of pneumonia occurring more than 3 days after hospitalization were considered nosocomial and were excluded. Informed consent was obtained from all subjects; the study protocol was approved by the Ethics Committee at Kawasaki Medical School.
Microbiological laboratory tests. Blood cultures and nasopharyngeal swab specimens were obtained from all patients on admission and, if pleural fluid and sputum were available, a Gram stain test and a quantitative culture were obtained. Sputum data were only evaluated when the Gram stain test revealed numerous leukocytes (.25 in one 6100 microscope field) and few squamous epithelial cells (,10 in one 6100 microscope field). Certain invasive methods, such as bronchoscopic examination, were employed to obtain specimens from all patients that underwent endotracheal intubation and some non-intubated patients after full explanation of the procedures. These specimens were also used for culturing of M. pneumoniae and Legionella species on pleuropneumonia-like organism broth and agar [70 % pleuropneumonia-like organism broth (Difco) supplemented with 20 % heat-inactivated horse serum, 10 % fresh yeast extract (25 %), thallium acetate (final concentration 0.5 mg ml
21
) and sterile penicillin G (final concentration 1000 U ml
)] and buffered charcoal-yeast extract alpha agar, respectively. Cultures for Chlamydophila pneumoniae and Chlamydophila psittaci were performed in cycloheximide-treated HEp-2 cells grown in a 24-well cell culture plate (Miyashita et al., 2005) . All specimens were passed twice. Culture confirmation was done by fluorescent-antibody staining with Chlamydophila pneumoniae and Chlamydophila psittaci species-specific and genus-specific mAbs (Miyashita et al., 2005) . The bronchoscopic specimens were also used for PCR of M. pneumoniae and Chlamydia species. The M. pneumoniae-specific primers used for the PCR were from the DNA base sequence within the P1 cytadhesin gene and amplification was performed as reported by Ramirez et al. (1996) . The Chlamydophila pneumoniae-specific and genus-specific primers used for PCR were from the DNA base sequence within the 53 kDa protein gene and major outer-membrane protein gene, respectively, established in our laboratory (Miyashita et al., 2002) .
This assay was performed as previously described (Miyashita et al., 2002) .
Paired serum samples were collected at intervals of at least 4 weeks after onset. Complement fixation tests were done in all patients for antibodies to influenza A and B viruses, adenovirus, respiratory syncytial virus, cytomegalovirus, and parainfluenza virus types 1, 2 and 3. Antibodies to M. pneumoniae were measured by the passive agglutination test (Serodia-Myco II kit; Fujirebio), Legionella species by the microagglutination test (detection of Legionella pneumophila serogroups 1-6, Legionella bozemanae, Legionella dumoffii, Legionella gormanii and Legionella micdadei) and Coxiella burnetii by the indirect immunofluorescence test. The microimmunofluorescence test was used for titration of IgG and IgM antibodies against chlamydial species, using formalinized elementary bodies of Chlamydophila pneumoniae KKpn-15, Chlamydia trachomatis L2/ 434/Bu and Chlamydophila psittaci Budgerigar-1 strains as antigens (Miyashita et al., 2002) . Rheumatoid factors were absorbed with Gullsorb (Gull Laboratories) before IgM titrations. In addition to serology, culturing and/or PCR, the urinary antigen test (BinaxNOW; Binax) was used for detection of S. pneumoniae and L. pneumophila.
Criteria for determination of microbial aetiology. The microbial aetiology was classified as 'definitive', 'presumptive' or 'unknown'. Bacteria were considered to be definitive causative agents when isolated from blood or pleural fluid cultures. We considered the results of sputum cultures in combination with Gram stain findings. An organism showing heavy (¢10 7 c.f.u. ml
) or moderate (10 6 c.f.u. ml
) growth of a predominant bacterium on a sputum culture was considered to be a presumptive pathogen. Any micro-organism isolated from bronchoscopic specimens was considered to be a presumptive pathogen when its concentration reached .10 5 c.f.u. ml 21 in quantitative culture. If M. pneumoniae or the Legionella species were isolated from a specimen, that specimen was considered to be a definitive pathogen even if the culture showed little growth. L. pneumophila and S. pneumoniae were considered to be a presumptive agent when the urinary antigen test was positive. For serological tests, a fourfold rise in the antibody titre level between paired sera was considered definitive. Acute Chlamydophila pneumoniae infection was defined as IgM ¢1 : 32 or a fourfold rise in IgG or IgM titre between acute and convalescent serum samples.
M. pneumoniae pneumonia cases. The patients who fulfilled the diagnostic criteria for pneumonia caused by M. pneumoniae without any evidence of other causative agents were divided into two groups, of cases with ARF and those without ARF, for comparison of the clinical features. Among all CAP cases, there were 227 cases in which M. pneumoniae was the only pathogen identified by the panel of diagnostic tests used. Cases of M. pneumoniae pneumonia mixed with other micro-organisms were excluded in this study. Thirteen cases who showed PaO 2 /FiO 2 ,200 and bilateral diffuse infiltrates on chest radiographs during hospitalization required admission to an intensive care unit (ARF cases). Of these, nine cases underwent endotracheal intubation, and mechanical ventilation was established. The remaining 214 cases had low to moderately severe pneumonia without ARF (non-ARF cases), which was judged by the severity score according to Japanese CAP guidelines (Committee for the JRS Guidelines in Management of Respiratory Infections, 2005). The Pneumonia Severity Index risk classification showed them to be in classes II to IV (Fine et al., 1997) . All M. pneumoniae cases demonstrated fourfold antibody seroconversion (42 cases were culture positive). Among the 13 ARF cases, culture and PCR using bronchoscopic specimens were performed in all cases and 6 cases, respectively. Eight cases were culture positive and six cases were PCR positive.
Statistical analysis. Statistical analysis for the incidence of underlying conditions and clinical findings was done by Fisher's exact test. A mean age and laboratory data comparison was done by the Student's t test. Table 1 shows the underlying conditions and clinical findings on admission to hospital. Chan & Welsh (1995) reviewed 46 cases of fulminant M. pneumoniae pneumonia that resulted in respiratory failure or death, and concluded that fulminant cases seem to be more common in young healthy adults, in males, and, possibly, in smokers. In our comparative study, ARF cases were also observed in young healthy adults (mean age 38 years), but no significant differences in age were observed between ARF cases and non-ARF cases. Gender differences were not observed in the two groups and the frequency of a smoking history was also identical in both groups. Thus, younger age, no comorbidities, gender and a smoking history do not seem to be true risks for increasing the severity of M. pneumoniae pneumonia.
RESULTS AND DISCUSSION
In contrast to underlying conditions, laboratory findings, including the mean white blood cell count and the mean serum levels of C-reactive protein, total protein (TP), lactate dehydrogenase (LDH), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) on admission clearly differed in the ARF and non-ARF cases. Chest radiography findings also differed. Six ARF cases showed bilateral diffuse infiltrates on chest radiographs on admission. Unilateral infiltrates appeared on chest radiographs of the remaining seven ARF cases on admission, but progressed to bilateral diffuse infiltrates after admission. Fraley et al. (1979) noted that bilateral pulmonary infiltrates, pleural effusion, leukocytosis and extrapulmonary complications seem to be characteristic of severe M. pneumoniae infection. Our results indicated that in addition to these, elevated levels of LDH, ALT and AST, and a reduced level of TP, seem to be characteristic of severe M. pneumoniae pneumonia. Table 2 shows the time (mean no. of days) required for several clinical conditions after the onset of clinical symptoms due to M. pneumoniae infection, and Table 3 shows the treatment regimen against M. pneumoniae pneumonia before and after hospitalization. An important difference was observed between the ARF cases and non-ARF cases with regard to the administration of adequate antibiotics active against M. pneumoniae. A regimen of an antibiotic effective against M. pneumoniae was begun on average at 9.3 days after the onset of symptoms in ARF cases but it was begun significantly later than that in non-ARF cases (P,0.0001). Chan & Welsh (1995) reported that the effective regimen of an antibiotic against M. pneumoniae was begun on average at 10 days after onset of symptoms in cases with nonfatal respiratory failure and at 15 days after in cases with fatal respiratory failure. Thus, delay in the administration of adequate antibiotics is one of the most important reasons for the development of ARF.
However, two of our ARF cases progressed to respiratory failure in spite of the initial administration of adequate antibiotics within 3 days after the onset of symptoms. In contrast, seven of the non-ARF cases received adequate antibiotics at .10 days after the onset of symptoms, but none of them progressed to respiratory failure. Characteristics of severe M. pneumoniae pneumonia Unfortunately, no differences were found in any clinical conditions between ARF cases and non-ARF cases who received adequate antibiotics at .10 days after the onset of symptoms. Thus, deterioration of the patients was not only due to delayed administration of adequate antibiotics.
It has been shown that the cell-mediated immunity of the host plays an important role in the development of M. pneumoniae pneumonia (Chan & Welsh, 1995; Evengard et al., 1994; Foy et al., 1973; Waites & Talkington, 2004) . In a mouse model, Tanaka et al. (1996) reported that interleukin (IL)-2 administration [stimulating T-helper type (Th) 1 reaction] exacerbated peribronchial and perivascular cuffing of lymphocytes and plasma cells, and led to enlargement of nodular lesions consisting of macrophage accumulation within bronchioles. Cyclosporin A administration, which inhibits the transcription of IL-2 and gamma interferon, however, reduced these pulmonary lesions. Using mice with different immunogenetic backgrounds (BALB/c mice vs C57BL/6 mice), Fonseca-Aten et al. (2005) found that M. pneumoniae induces host-dependent pulmonary and immunological responses. In addition, Tanaka et al. (2002) demonstrated that the levels of serum IL-18, which promotes Th1 cytokine responses, in patients with severe M. pneumoniae pneumonia were higher than those in mild cases, and that they, but not serum gamma interferon levels, correlated with the number of affected lobes detected by computed tomography scans. Kitching et al. (2000) reported that, even in the absence of IL-12, IL-18 could induce an in vivo delayed-type hypersensitivity response. The delayed-type hypersensitivity response to mycoplasma organisms appears to correlate with the severity of pneumonia (Mizutani et al., 1971) . These results suggest that an excessive host-cellular response with Th1 cytokines and IL-18 may play a critical role in the development of worse pulmonary manifestations.
Corticosteroids downregulate the cell-mediated immune response and therefore may have a profound effect by reducing the immune-mediated pulmonary injury seen in mycoplasmal infections. Clinically, corticosteroids have been used for severe M. pneumoniae pneumonia, and indeed advocated for decreasing the inflammatory response and improving survival (Chan & Welsh, 1995; Fraley et al., 1979; Ito et al., 1995; Koletsky & Weinstein, 1980; Takiguchi et al., 2001; Tsuruta et al., 2002) . All our ARF cases received high doses of corticosteroids in addition to adequate antibiotics and their condition improved promptly. Nine out of thirteen ARF cases received corticosteroids after intubation. Early administration of corticosteroids might have prevented mechanical ventilation. These findings support the early use of corticosteroids in addition to adequate antibiotic therapy for severe M. pneumoniae infections.. Although administration of steroids may be associated with an increased risk of new infections and adverse effects on metabolism, their use seems to be justified for patients who are developing respiratory failure. In conclusion, our results indicate that a younger age, no comorbidities, gender and a smoking history do not seem to be true risks for increasing the severity of M. pneumoniae pneumonia. Leukocytosis, bilateral pulmonary infiltrates, pleural effusion, elevated levels of LDH, ALT and AST, and a reduced level of TP, seem to be characteristic in severe M. pneumoniae pneumonia. Current evidence from human and animal studies suggests that individual immune responses to M. pneumoniae infection may vary, and that the severity of the clinical illness and pulmonary injury may correlate directly with a more vigorous cell-mediated immune response and cytokine stimulation. In addition to cellmediated immunity, a delayed administration of adequate antibiotics (.10 days after onset of symptoms) may contribute to the severity of M. pneumoniae pneumonia.
